Body surface maps during one cycle of atrial flutter were recorded in 2 cases.
corded in 2 cases.
The sequences of movements of the maximum and the minimum were compared to those of the sinus P waves. The maps of normal sinus P waves usually show that a maximum first appears at the anterior chest near the sternum and moves to the left side of the thorax in the later half of the P wave. The maps of atrial flutter in Case 1 showed that a maximum first appeared on the upper right back and then moved to the right side of the anterior chest.
The maps of Case 2 showed that a maximum first appeared on the upper right back and then moved down the right side of the posterior thorax. There were no movements of the maxima in either case from the right side of the chest to the left as seen in the sinus P waves.
Additional
Indexing Words:
Body surface map F wave Sinus P wave Maximum Minimum AJOR developments in body surface mapping techniques have evolved in the field of both clinical and experimental electrocardiology as a result of technical advances in recording and data processing.1)-4) Although this method is valuable and useful in investigating the mechanism of the activation process of the heart, there have been few reports concerning human body surface maps of atrial activation compared with those of ventricular activation.5)-7) This may be due to the problems engendered by the low voltage levels detected during atrial excitation and by the influence of respiratory changes on the actual excitation sequence. We have recently reported on body surface isopotential distribution during atrial excitation using a quantitative analysis and showing good reproducibility.8),9) Further, this method in leads II, III, and aVF. Symbols are same as those in Fig. 1 . anterior thorax and the minimum moved upward from the lower chest to the central portion. At 88msec of the F wave, the positive potential areas began to expand again over the right lateral chest as well as over the right upper back. A maximum reappeared at the middle portion of the right back at 88msec of the F wave. At the same time, the left side of the anterior thorax was covered with negative potentials. Then, the maximum moved from the right upper back to the lower portion and the minimum moved down from the upper shoulder to the lower anterior chest until the end of the F wave. In this case also there was no shift in potential from positive to negative on the anterior chest during the F wave.
The body surface maps of the F wave, therefore, were quite different from those of the sinus P wave. Fig. 5 shows the schema which demonstrates the patterns of movement of the maximum of the F wave in the 2 cases of atrial flutter compared to those of the normal sinus P wave. As shown in the upper panel, the maximum of the sinus P wave first appeared in the mid portion of the anterior thorax and then moved toward the left side of the chest. The maximum of the F waves in both cases of atrial flutter, however, did not show this moving pattern (Fig. 5, middle and bottom panels) . Neither Case 1 nor Case 2 showed a maximum moving from the mid anterior chest toward the left lateral chest as seen with the sinus P wave.
DISCUSSION
Body surface isopotential maps recorded during atrial excitation have been reported in the human as well as in the dog.10)-14) We are, however, unaware of any report describing human body surface maps recorded during atrial flutter. In this study we succeeded in recording maps during one cycle of atrial flutter in 2 cases. There are several difficulties to obtain maps of the F wave and in comparing them with those of normal sinus P waves. First, it is not possible to determine the actual beginning of the F wave and its zero potential. We tentatively designated the starting point of the negative deflection of the F wave in lead II ECG as its beginning and analyzed the time-course of potential distribution on that basis. In this sense, the temporal relations of the F maps might not be exactly comparable to that of the sinus P wave. However, once the maximum and the minimum together with positive and negative potential areas became recognizable, their sequences of changes could be traced and comparison to the sinus P maps could be made up to the appearance of the next cycle of the F wave. Secondly, there were occasional superimpositions of F waves on the ST-T waves, which might have deformed the actual F map. We selected the F wave which was separated from the ST-T waves during a period with rather slow ventricular responses. The third problem is that a single beat analysis may not represent an actual F map of the patient. From our previous report ,8),9) however, the sinus P wave could be analyzed in a single beat with good accuracy and accurate reproducibility.
Therefore, we believe that the maps of the F wave recorded from the 2 patients in this report may well represent typical mapping patterns for them. In spite of these difficulties in analysis, we were able to demonstrate some differences between the atrial maps of the F wave and the sinus P wave. The major differences between them are the patterns of movement of the maximum. In the F wave, the maximum never moved from the right anterior chest to the left side of the thorax as usually seen in sinus P waves.8)-10),14) However, the maximum of these 2 cases appeared and migrated only from the right back to the right anterior chest in Case 1 and from the upper to the lower portion of the right back in Case 2. Another difference noted in the F map was that the anterior chest potential never changed from positive to negative in either case.
As in our previous study,8),9) the maximum was divided into two portions depending on its location relative to the left midclavicular line. These were designated the anterior maximum when located to the right of that line and the left maximum when located to the left of that line, respectively. The former is thought to represent primarily right atrial activation and the latter left atrial activation. In this sense, the body surface maps may give us better information on the excitation sequences in individual atria than do conventional ECG and VCG. In the sinus P wave, the anterior maximum appeared first and, later in the P wave, it moved to the left side of the chest representing the left maximum.
In our cases of atrial flutter, no shift of the maximum from the anterior chest to the left occurred, and further, there was no apparent left maximum recognizable in one cycle of the F wave. These findings suggest several possible explanations. First the activation sequence in the F wave does not move from the right atrium to the left as in the case of the sinus P wave. This may indicate that the activation in major portions of the right and the left atrium occur almost simultaneously in opposite directions, thus cancelling their individual electrical forces. Another possibility is that the left atrial activation potential is too small to be recognized on the body surface due to disorganized or random excitation spread from that chamber. Alternatively, the left atrium may be electrically quiescent during the F wave. Epicardial mapping during atrial flutter would probably gives us a detailed explanation of the above. There was one report describing epicardial excitation of the atria in a patient with atrial flutter.15) Although in that report the left atrium was not sufficiently explored because of technical reasons, a much delayed activation of the left atrium was noted. Boineau et al examined the spread of epicardial excitation in a case of naturally occurring flutter in a dog. This resembled the ECG pattern commonly seen in human atrial flutter.22) The epicardial activation sequence map showed early as well as delayed excitation spread and a local conduction block in the left atrium. Whether such disorganized excitation sequences in the left atrium are common findings or not during experimental as well as clinical atrial flutter await further studies with refined techniques.
The circus movement theory, which postulates the flutter wave traveling in a circuit around the venae cavae up or down the taenia terminalis, has been a widely accepted concept especially with regard to the common type of flutter that shows a continuous undulation of the base line and a prominent negative component of the F waves in leads II, III, and aVF.16)-23) Our cases represented the common type of flutter according to their ECG patterns. From the standpoint of the circus movement theory, we suggest that the findings of those body surface maps might indicate the flutter wave going up the posterior wall of the right atrium and down its anterior wall near the anterior septum in Case 1. In Case 2, the wavefronts traveled up the anterior septum and down the posterior wall of the right atrium based upon the locations of both atria and also the behaviour of the maximum and the minimum on the body surface map. In neither case did the left atrium form a major route of the re-entry circuit. Our body surface map findings, however, cannot exclude the possibility that an automatic focus at the atrial septum fires rapidly and exitation propagates to both atria almost simultaneously. Clarification of the mechanism of atrial flutter requires further studies.
